Although Lactobacillus plant arum has been isolated in large numbers from ripenedcheeses, the knowledge of its proteolytic system is very limited. This study was undertaken with the aim of obtaining a clearer picture of the peptide hydrolases of sorne L. plantarum strains. A comparison with the closely related species L. casei was also considered.
dase or aryl-peptidylarnidase (endopeptidase like) activity, Specifie activity of aminopeptidase and dipeptidase was maximum at the early stationary phase. Caseinolytic activity was maximum during the stationary phase. 
Sur la fraction

INTRODUCTION
In the Streptobacterium group, sorne attention ha;Seen given to the peptide hydrolases of Lactobacillus casei. Brandsaeter and Nelson (1956 a) described the caseinolytic activity of L. casei, they also reported the presence of a metal activated peptidase system in this organism (Brandsaeter and Nelson, 1956 b) . In a comparative study, Tourneur (1972) showed that L. casei was less proteolytic than lactobacilli from the Thermobacterium group. The fractionation of the crude cell free extra ct of L. casei on D.E.A.E.-cellulose was described by Rymaszewski et al. (1974) .
A more detailed study was undertaken by El Soda, Desmazeaud and Bergère (1978) ; these authors isolated, purified and characterized three exopeptidases: an aminopeptidase, a dipeptidase and a carboxypeptidase from L. casei NCDO 151. The localization of these exopeptidases in addition to their caseinolytic activity and a very specifie endopeptidase (aryl-peptidyl-amidase) were reported (El Soda, Bergère and Desmazeaud, 1978; El Soda and Desmazeaud, 1981) .
On the other hand, the knowledge of the proteolytic system of the closely related L. plantarum has been very limited, although the organism is isolated in large numbers from ripened cheeses (Davis, 1963; Fryer, 1969) . It is likely that in such cheeses the intracellular enzymes act in protein breakdown after the death and lysis of the cells.
Most of the studies of the proteolytic activities of L. plantarum were performed with whole cells in milk or cheese systems (Purschel and Pollack, 1972; Miller and Kandler, 1967; Dilanyan and Grushina, 1978) . Sorne interest was also given to the intracellular caseinolytic activity of L. plantarum (Tourneur, 1972 and Ducastelle and Lenoir, 1969) .
However, there is no knowledge available concerning the types or number of enzymes constituting the peptide hydrolase system or the production of the enzymes.
A study was therefore undertaken with the aim of obtaining a clearer picture of the peptide hydrolases of sorne L. plantarum strains. A comparative study between this system in L. plantarum and the closely related species L. casei was also taken into consideration.
METHODS AND MATERIALS
Cultivation of the microorganisms and preparation of the crude cell free extract
The following strains were used for this study: L. plantarum CNRZ 73, CNRZ 425, CNRZ 314, CNRZ 174 and DSM 199 and L. casei NCDO 1, ATCC 7469, CNRZ 57 and K 7. The methods described by El Soda, Bergère and Desmazeaud (1978) were used for the cultivation of the cells in MRS medium (Difco) and the preparation of the crude cell free extract.
Electrophoretic fractionation of hydrolyzed casein and of aminopeptidase and dipeptidase activities
The method described by Uriel (1966) and modified by Gripon et al. (1975) was used to detect the hydrolysis products obtained by the action of the intracellular enzymes from L. plantarum on casein fractions.
Aminopeptidases and dipeptidases were detected after electrophoresis of the cellular extraets. Gels of 7 % aerylamide were prepared in 0.1 M Tris-borate buffer pH 7.0. Aminopeptidases were detected on gels with various amino-acid-ô-naphthylamides using the method of Miller and McKinnon (1974) . Dipeptidases were localized with various dipeptides using the method of Lewis and Harris (1967) . These methods were carried out as previously deseribed by El Soda and Desmazeaud (1982) .
Enzyme assays and units definition
Aminopeptidase activity was usually determined by measuring the extent of hydrolysis of L-leueine-para-nitroanilide (Sigma). Dipeptidase and carboxypeptidase activities were determined by measuring after ninhydrin reaction, the quantity of a-amino groups liberated by the hydrolysis of, respectively, various dipeptides or various benzyloxycarbonyl-dipeptides. Specifie endopeptidase activity was determined by measuring the hydrolysis of N-succinyl-L-phenylalanine-para-nitroanilide. Caseinolytic activity and proteolytic activity on whey proteins were determined by measuring after ninhydrin reaction, the quantity of c-amino groups liberated by the hydrolysis of a 2 % protein solution. These methods were carried out as previously desoribed by El Soda and Desmazeaud (1982) .
A unit of enzymic activity is defined as that amount of enzyme producing:
(i) variation of 0.01 unit of absorbance at 410 nm per minute for aminopeptidase or per hour for specifie endopeptidase;
(ii) variation of 0.01 unit of absorbance at 570 nm per 15 minutes for carboxypeptidase and dipeptidase activities or per hour for caseinolytic activity and proteolytic activity on whey proteins.
Specifie activity was defined as the number of activity units per mg of protein.
Influence of physiological conditions of cells on the activity of the intracellular peptidase system of L. plantarum
For the determination of the effect of cell age on intracellular peptidase activities in L. plantarum, cells were harvested by centrifugation at different stages of growth (2 h = beginning of exponential growth; 4 h = exponential growth; 7 h = early stationary phase; 24 h = stationary phase). Cells were washed twice in 0.01 M-K phosphate buffer pH 7.0 and the bacterial suspension was disrupted and enzyme determined according ta the procedures described by El Soda and Desmazeaud (1982) and Ezzat et al. (1982) .
Determination of protein
The protein content of the extracts was determined according ta the method of Lowry et al. (1951) . aminopeptidase hydrolyzing the~-naphthylamides derivatives of lysine, arginine, leucine and alanine in addition to the dipeptides L-leucyl-
Three bands of dipeptidase activities were also detected in the crude extract of L. plantarum ( fig. 1 ). DPI and DPJll showing a wider range than DPI! which cleaved only three dipeptides (table 2) . The electrophoretic mobilities of the enzymes are indicated in Figure 1 . Chaque enzyme après séparation électrophorétique (selon figure 1) était caractérisée par l'hydrolyse des différents substrats indiqués.
By comparison, it was of interest to notice that the eIectrophoretic mobility and the specificity of the aminopeptidase of L. plantarum and that of L. casei were very similar. The mobility of the unique dipeptidase of L. casei was also close to that of DPI in L. plantarum ( fig. 1 ) but, its specificity is different to that of these dipeptidases.
The action of the intracellular extract of L. plantarum on caseins showed that the organism is able to hydrolyse both USI-and~-caseins. After 48 h of incubation, the formation of two peptides of higher electrophoretic mobility than casein from the two fractions was detected ( fig. 2) Results are expressed as % of the most active strain, after specifie activity determinations. Leu Na = L-leucine-p-nitroanilide ; Gly-Tyr = glycyl-Ltyrosine : Z-Gly-Arg = benzyloxycarbonyl-glycyl-L-arginine SUPHEPA N-succinyl-L-phenylalanine p-nitroanilide. Cellsin early stationary phase (7 h)a 4.2 2.2 3.1 3.5
Cells in the stationary phase (24 h)a 3.9 1.7 2.5 4.5
Results are expressed as specifie activity. * The initial pH of the media was 6.5. a (2 h), (4 h), (7 h) and (24 h) = hours of growth at 30°C.
L. plantarum.
By comparison, two additional activities were detected in the intracellular extract of all the L. casei strains: the carboxypeptidase (hydrolyzing the substrate benzyloxycarbonyl-glycyl-L-arginine) and the endopeptidase like activity (hydrolyzing Suphepa).
It should however be notieed that although similarities were found between the different strains of the same species on the type of enzyme present, significant differences in the level of enzymatic activities were detected. Table 4 shows the effect of harvesting L. plant arum. cells at different stages of growth on the levels of peptidase activities. The production of dipeptidase increased gradually at the early stationary phase followed by a significant decrease in the specifie activity of enzyme in the late stationary phase.
Influence of cell age on peptidase activities
The trend of the results was different for the caseinolytic activity since the increase in enzymatic activity also occured du ring the stationary phase. Aminopeptidase aotivity was constant du ring the different stages of the growth. It was decreasing in the stationary phase.
DISCUSSION
The Iactic acid bacteria are nutritionally fastidious and require for growth an exogenous supply of preformed amino acids (Law and Sharpe, 1978) . Generally, free amino acids initially present in milk are an important nitrogen source only for growth at low cell densities (Mills and Thomas, 1981) . After few generations, Iactic acid bacteria growth requires casein and peptide breakdown. Thus, Lactobacillus plantarum possesses the proteolytic system able to provide amino acids to the cells. However, we have not determined cell-bound extracellular proteinases or peptidases occuring in group N streptococci (Law and Sharpe, 1978) or in Lactobacillus lactis (Eggimann and Bachmann, 1980) or L. bulgaricus (Argyle et al., 1976) .
Although very few differences are detected between L. casei and L. plantarurn as far as fermentation tests are concerned, their peptide hydrolase system is signifieantly different. In L. casei this system consisted mainly of exopeptidases, aminopeptidase, a dipeptidase and a carboxypeptidase (El Soda, Bergère and Desrnazeaud, 1978) in addition to an aryl peptidyl amidase (endopeptidase like) activity (El Soda and Desmazeaud, 1981) . On the other hand, the exopeptidase system of L. plantarum lacked the carboxypeptidase, and no endopeptidase like activity was detected. This organism was also capable of deeply modifying casein fractions. The L. plantarum peptidase system is therefore closer to that of L. helveticus, L. lactis, L. bulgaricus and L. acidophilus (El Soda and Desmazeaud, 1982) , while the L. casei system would be comparable to L. brevis and L. fermentum (EI Soda et al., 1982) .
It was of interest to notice that like other lactobacilli (Shankar and Davies, 1978; El Soda and Desmazeaud, 1982, and El Soda et al., 1982) the proteolytic system of L. plantarum hydrolyses~-lactoglobulin. This observation will probably be of technological importance because of the growing interest of the dairy industry in manufacturing cheese from ultrafiltrated milk. In other part, L. plantarum has been isolated from various ripened cheeses (Davis, 1963; Fryer, 1969) . It is likely that in such ripening cheeses the intracellular proteolytic enzymes play a role in protein breakdown after the death and lysis of the ce'lls. The action of L. plantarum proteases and peptidases occuring after proteolysis carried up by rennet and starters (Desmazeaud and Gripon, 1977) , will participate in the breakdown of residual uSI-and -caseins and in the production of free amino acids in ripened cheese.
Most Lactobacillus species also behave similarly as far as the influence of cell age on peptidase activity is concerned. As a general rule an increase in the level of enzymatic activity is noticed during logarithrnic growth and reach its maximum in early stationary phase A significant decrease in most peptidases is th en noticed in the 24 h old cultures. This phenornenon was attributed to the presence of the stationary cells at low pH values for several hours (Simmonds, 1972; Ezzat et al., 1982) . Since the production of exopeptidases or caseinolytic activity was only slightly influenced by culture age, it might therefore be concluded that the enzymes of L. plant arum are probably constitutive enzymes.
Similar observations were also reported for other species by Simmonds (1970) and Matheson (1963) Considering the results described in this paper it may be concluded that due to the complexity of its exopeptidase system and its ability of modifying caseins L. plantarum probably acts during the late stages of ripening of sorne cheeses where it oan isolated in large numbers. When more informations will be available on the characterization and specificity of the peptidases of this organism the addition of selected combinations of these enzymes to the cheese milk or curd might contribute in accelerating ripening and (or) enhancing flavour development in cheese.
